Suppression of K+ conductance by metabotropic glutamate receptor in acutely dissociated large cholinergic neurons of rat caudate putamen.
1. Responses to metabotropic glutamate receptor (mGluR) activation were investigated in acutely dissociated rat neostriatal (caudate putamen, CP) large cholinergic neurons, with the use of a nystatin-perforated patch-clamp technique. 2. Application of L-glutamate (Glu) in the presence of 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX) induced a slow inward current accompanied by a decrease in membrane conductance at a holding potential (VH) of -44 mV. 3. The ratio of the maximal amplitude of the slow inward metabotropic glutamate (mGlu) response to that of the ionotropic glutamate response for large cholinergic CP neurons was larger than that for the hoppocampal CA1, CA3, and dentate gyrus neurons the nucleus tractus solitarii neuron, cerebellar Purkinje neuron, and granule cell of the main olfactory bulb. The threshold and half-maximal effective concentration values of these mGlu responses were 10- to 30-fold lower than those of the respective ionotropic responses. 4. Specific agonists of the mGluR, quisqualate (QA), (+/-)-1-aminocyclopentane-trans-1,3-dicarboxylic acid (tACPD), (1S,3R)-1-aminocyclopentane-1,3-dicarboxylic acid [(1S,3R)-ACPD], and (2S,3S,4S)-alpha-carboxycyclopropyl-glycine [L-CCG-1), similarly induced slow inward currents at the same VH. The relative affinities of the mGlu agonists were QA > Glu > L-CCG-1 > (1S,3R)-ACPD. L-CCG-1 did not induce any current at concentrations < 10(-6) M. 5. DL-2-amino-3-phosphonopropionic acid or DL-2-amino-4-phosphonobutyric acid did not block the mGlu response, whereas (RS)-alpha-methyl-4-carboxyphenyl-glycine, a selective mGluR antagonist, partially reduced the mGlu response. 6. The reversal potential of the mGlu response was close to the K+ equilibrium potential, and it shifted by 56.4 mV for a 10-fold change in extracellular K+ concentration. In 90.6% of the neurons tested, the instantaneous current induced by hyperpolarizing voltage steps was markedly suppressed during the mGlu response. In 9.4% of the neurons, the currents elicited by step pulses showed a voltage-dependent slow relaxation that was not affected by mGluR activation. 7. Under the current-clamp mode, the slow afterhyperpolarization (AHP) following a spontaneous discharge was not affected by tACPD. The AHP current was not blocked under the voltage-clamp mode, either. 8. (1S,3R)-ACPD or Glu in the presence of CNQX elicited membrane depolarization accompanied by increased rate of action potentials under the current-clamp mode. Tetrodotoxin had no effect on the membrane depolarization. 9. These results indicate that the mGluR on large cholinergic CP neurons is mainly of the mGluR1 and/or mGluR5 type, and it plays a significant role in controlling the membrane potential by way of suppressing the leak K+ conductance.